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STATEMENT OF THE PROBLEM 
Many factors which are generally of no great concern in ground 
photography, play roles of major importance in aerial photography. 
Occasionally one of these factors, translatory image motion for exam-
ple, will be of such an outstanding nature that it can be positively defin-
ed. However, in consideration of the many precautionary measures in 
present-day aerial photography, the usual case is one in which many 
factors have contributed only small amounts to the total deterioration. 
Under these conditions it is impossible to study the nature of these many 
aberrations separately, and it therefore becomes difficult to attach de-
grees of significance to 1he individual causes of these aberrations. 
In the laboratory it is possible to set up testing equipment using 
standard aerial lenses, film magazines, etc. After the maximum capa-
bilities of the system have been established it is then possible to intro-
duce degrading factors one at a time so that their effects upon the image 
may be studied individually. 
The purpose of this thesis is to describe experiments conducted, 
and to show that it is p::>ssible to obtain reliable information from tests 
of this nature which could be consolidated and published in the form of a 
manual. This "key" to image aberrations could be used in the training 
of personnel, and as a reference in operational photographic units. It is 
believed that a requirement for such a manual now exists in Air F or c e 
photographic laboratories and techni cal training schools. 
i 
INTRODUCTION 
A number of years ago, at one of our well-known air bases, the 
author witnessed an episode which made a lasting impression, and 
which was responsible in large part for the ini tiation of this study. An 
aerial mission had been set up to test a new lens of relatively long fo-
cal length. This lens had been performing quite well on 1he optical 
bench and the opinion was shared by many that this was the most prom-
ising lens in its category. 
These bright hopes for the future of the lens were somewhat dim-
med when the roll of film from the first aerial test mission was proc-
essed, dried, and placed upon the viewing table. The image did actual-
ly appear to be a little fuzzy, but the most pronounced abnormality was 
an over-all flatness or lack of contrast. Without going into detail, it 
can simply be stated that an "out-of-focus" decision was reached and 
the lens was sent back to the optical bench to be refocused. It wa s again 
carefully checked and another aerial test mission was set up for the fol-
lowing day. The results of this test were not too dissimilar from those 
of the first, i.e., once again the over-all lack of contrast and the not 
really sharp images. 
It was determined this time, as before, that the lens was not in 
optimum focus and it was returned for another check on the bench. This 
time one of the experienced men in the unit, who felt reasonably 
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sure that the lens had been in proper focus each time it had left the unit, 
suggested that an inspection of the aircraft be made before starting the 
focusing routine again. This proved to be a worthwhile suggestion, for 
he found in the camera well of the test aircraft a scratched and dirty 
plexiglas window through which all of the exposures had been made. 
The window was removed and during the next mission the exposures 
were made without a window in the camera well. The results this time 
were very satisfactory, and, although the window was removed to estab-
lish definitely the major cause of the abnormal image, it is presumed 
that a clean camera window of high quality would have deteriorated the 
image only slightly or not at all when working in this range of resolution. 
Such occurrences among experienced personnel, we believe, are 
few and far between; however, at the time of the occurrence just des-
cribed, the author decided that an investigation into the abnormalities 
of aerial photographic images would be worthwhile. Until recently, the 
time required to formulate some definite ideas and plans concerning a 
test program was not available. 
In September of 1952, this program was discussed at length, ~ 
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first with Dr. Duncan Macdonald, Director of the Boston University Phys-
ical Research Laboratories, and later with several members of his staff, 
which included Dr. Dow Smith, Mr. Raymond Dussault, Mr. John Watson, 
Mr. Hutson Howell, Mr. Robert Tackaberry, and Mr. William Britton. 
The probability was considered that in the near future electronic controls 
and recording devices will play an increasingly important part in aerial 
photography. It was u n animously agreed, however, that even though 
much is being accomplished along these lines, film will remain in use 
as a recording device in many instances, and defects of the systems will 
be diagnosed from the film. 
This project was then approved, to be done in the form of a the sis. 
The preliminary investigations were to commence in January 1953, the 
ultimate goal being to obtain reliable information which would be made 
available to the Air Force, and to other branches of the Armed Forces 
upon request. Preliminary plans were that the information could be con-
solidated and simplified, and then published in the form of a "key" to im-
age aberrations. 
It should be noted that the word "aberrations" as used in this re-
port is defined as "any deviation of the image from the normal which has 
resulted from the contributions of any of the components which make up 
the aerial photographic system". It is, therefore~ not restricted to the 
optical components of the system. 
A convenient approach to the problem is a reference to Dr. Mac-
donald's block diagram of the aerial photographic system (Figure la). 
After only a brief glance at this diagram, there are brought to mind, un-
der many of the components listed, numerous factors which may cause 
a deterioration of the image. A paragraph which briefly and clearly de-
scribes what takes place in the aerial photographic system is quoted from 
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Dr. Macdonald's paper on HQuality Aspects of the Aerial Photographic 
System": 1 
"In a,erial photography, pictures are taken of ground 
objects through long air paths by cameras, lenses, and 
associated equipment mounted on unstable and translat-
ing platforms. The resulting photographic negatives, con-
sisting of nonhomogeneous clumps of silver, arranged in 
numbers and sizes as to approximate the geometric pat-
tern of reflectivities of the ground objects, are then print-
ed. These positive prints are viewed by trained observers 
known as photointerpreters, generally under low-power 
stereoscopes. These interpreters then perform the impor-
tant transduction process -- that of converting the message 
coded in silver clumps into a verbal report. 11 
The message, or in other words the object which is to be photo-
graphed, contains the maximum information, so we cannot improve up-
on this. However, by the optimum selection of lenses, filters, and 
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emulsions, and by exercising diligent supervision over the other control-
lable components which make up the system, we can present to the photo-
interpreter a considerable amount of the information which was contain-
ed in the original message. 
Perhaps every factor known to-day which could contribute to the 
deterioration of the image could be listed under one of the main headings 
in this diagram (Figure la}. Some of these factors which experience 
has indicated are important have been selected for investigation (Figure 
1 b). It is intended that this investigation should lead to a greater under-
standing of the extent to which and the manner in which each one of these 
factors contributes to the total deterioration. The value of such informa-
tion will be of a two-fold nature: (1) it will allow degrees of importance 
to be assigned to these factors; (2) it will enable photographic technic-
ians confronted with an abnormal negative to isolate the cause of the 
trouble m~re readily and more methodically. 
It has been pointed out by Dr. Macdonald that, in order to study 
the effects of these deteriorating factors one at a time, a laboratory 
program is called for. This is necessary since in air photography all 
of the factors contribute to some extent, and it is considered unlikely 
that any one can be completely isolated for study. 
In January 1953, a conference was held to lay definite plans for 
the testing equipment. Included in this conference were Mr. Hutson 
Howell, Mr. John Watson, and Mr. Robert Tackaberry, of the Physical 
Re search Laboratories, and the author. The test apparatus agreed up-
on included, as the more important components, ( 1) an electronic flash 
unit to be used in the majority of tests, so that vibrations would be elim-
inated; (2) an opal glass, so that the light would be distributed. evenly 
over the target area; (3) a positive transparency for the target, made 
from a good aerial negative; (4) a lens of 24-inch focal length, since this 
focal-length lens is in common use in the Air Force; and (5) a 9x9-inch 
film magazine, so that aerial roll-film can be used and vacuum can be 
employed as in operational use. 
In the laboratory testing phase of this study, it was first shown 
what effect the testing equipment itself had upon the image. An expos-
vi 
ure was made before deliberately attempting to degrade the image; this 
was used as a control since it represented the maximum capabilities of the 
system. Then the factors listed in Figure 1 b were deliberately intro-
du ced, one at a time, so that the resulting images in each case could be 
compared with the control image. Analyses were made from the film. 
Although it would have been desirable to show the negative image in the 
report, it was much more convenient to use positive paper prints. 
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III. EQUIPMENT and PROCEDURES 
A. The location of this equipment is in the basement of the Phys-
ical Research Laboratories at 700 Commonwealth Avenue, Boston, Mass. 
The various components of the system are mounted on the 20-foot optical 
bench (Figure 2}. 
B. The light source used in those phases where vibration is not 
desired is a general radio Electronic Flash Unit. This unit has an effec-
tive flash duration of 50 microseconds and emits light which approximates 
daylight. The reflector is mounted in a light box, the interior of which is 
painted with methyl cellosolve of 84% reflectivity. 
A plastic opal diffuser is placed between the flash and the target, 
(F igure 3}. A general radio flash meter was used to determine t he op-
timum location of the opal screen for even illumination on the target. 
G. The target (Figure 4) is a black and white positive transparancy 
on Kodak Aerographic Positive Film. It consists of a portion made from 
9x9-inch aerial negative (Figure 5), USAF resolving-power targets hav-
ing different density ranges, and a stepwedge. The density range of the 
transparency is about 10:1. 
The aerial negative, made with a 24-inch lens from an altitude of 
3500 feet, has a scale of 1:17 50. 
This high quality aerial negative was chosen primarily for the vari-
ety of detailed information which it contained. The resolution on the orig-
inal negative is 19.7 lines per millimeter in the vertical direction and 
1 
2 
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Figure 3. Schematic of Test System 
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15.7 in the horizontal. After the transparency is photographed through 
the laboratory test system, whiph has a reduction factor of 0. 6, the 
scale on the final negative is about 1:2900. It is recognized that this 
scale is much larger than that encountered in operation, but for this 
type of investigation, it is felt that the defects can be analyzed with great-
er ease at the larger scale. 
Since the various resolving power targets {R. P. T.) will be refer-
red to from time to time, they have been arbitrarily assigned numbers 
from 1 to 6 {Figure 4). A small section was removed from the center of 
the transparency to allow the insertion of targets Nos. 3 and 4 on axis. 
Target No. 5 is of medium contrast and has been placed over an area of 
medium density in the transparency. In this manner the overall density 
is raised, since the density of the transparency is added to lines and 
spaces alike. Target No. 6 is of low contrast and has been placed over 
an area of relatively low density in the transparency. 
The composite target, sandwiched between two pieces of high-qual-
ity plate glass, slideE? into position at one end of the light box. 
D. The collimator is a Baker 40-inch f/5 telephoto lens. Its prop-
er position on the optical bench in relation to the target was determined 
by auto-collimating. 
E. The test camera is a 24-inch Kodak Aero-Ektar f/6 lens with 
a 9x9-inch Fairchild A-12 focusing-back magazine equipped for vacuum. 
The 24-inch lens was selected because this focal length is in common 
4 
5 
.Figure 4. The Target, A Positive Transpare ncy 
This small amount of film can be processed quite easily by rolling it 
!hrough a tray. Sensitometric tests with Super -XX aerial roll-film es-
tablished that the desired gamma of I. 3 can be obtained by continuous 
agitation in D-19 developer for four minutes at 72 d e grees F. (figure 8). 
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graphed from the air, we select an average highlight area expressed as 
B 1 , and an average shadow area, expressed as B 2 , their contrast can 
be expressed as B /B • Since both areas suffer the same attenuation 
1 2 
A, or reduction in brightness, when seen through the haze, and with the 
addition of the same veiling light, h, to each area, their brightness ratio 
becomes AB 
1 
+ h/ AB 
2 
+ h. It can be seen that with the addition of veil-
ing light, the brightness range will be compressed and if the addition is 
great enough the difference between the highlights and the shadows will 
approach zero. Actually this is often the case in long range oblique pho-
tography. 
Procedure and Results 
In order to have a standard with which abnormal negatives could 
be compared, image -forming light alone was used to produce the normal 
photograph, Figure 9a. The addition of veiling light to the exposure, with 
processing and printing materials and techniques remaining the same, 
produced the abnormal photograph, Figure 9b. This additional light was 
produced in the following manner: The opposing ends of the test lens and 
the collimator were enclosed by encompassing them with a cylinder of 
transparent film. Through a small hole in the bottom of this newly-form-
ed cell, tobacco smoke was introduced. With this arrangement, the im-
age forming light had to pass through a layer of smoke only, and no addi-
tional plastic surfaces. An additional electronic flash and reflector were 
used to direct side light onto the smoke cell at the time of exposure. 
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Areas on Figures 9a and 9b have been selected and densitometer 
density measurements recorded from the negatives to show the con-
trast reduction which resulted from the addition of the non-image form-
ing light: 
Normal (no haze): Bl 
B2 
With haze: 
5.25 
I. 38 
Now since the addition of the haze light was sufficient to cause a 
reduction in brightness range from 5. 25 to 1 in the normal, to 1. 38 to 
1 i n the haze condition, we can say that the brightness range was com-
pressed to 20 percent of the original range. 
Figures lOa and lOb are 5x enlargements of areas from the stand-
ard and the simulated haze negatives . Using a higher grade paper, an 
attempt was made to reproduce the normal tone. Even though this is an 
improvement over the contact print (figure 9b), the desired tone was not 
attained and a definite increase in grain resulted. 
"The visibility of a uniformly luminous object depends 
upon the apparent contrast between the object and the back-
ground, the angular size of the object, its shape, the con-
trast threshold of the observer at the level of luminance to 
which his eyes are adapted, and the conditions and technique 
of observing. rr4 
Upon viewing a negative which has been effected by atmospheric 
haze, one may at first get the impression that the image is non-sharp 
or fuzzy. A comparative study of the areas designated asH for high con-
trast indicates that this is not t rue. On the other hand , in areas desig-
14 
nated as L where the contrast ratio is low, fine detail has been almost 
completely lost. 
Since the scattered light in the atmosphere is predominately blue, 
it has become more or less standard practice in aerial photography to 
use blue -absorbing filters (yellow and sometimes red), and increase the 
exposure accordingly. In cases where the haze is not too severe and 
actually is predominately blue, this works out very satisfactorily -the 
chief objection being the adjustments to a slower shutter speed or to a 
· larger lens aperture which must necessarily be made to render the prop-
er exposure. On the other hand, we must recognize that over an indus-
trial area where the air is filled with smoke of various colors and com-
position, the "minus blue" filter method of cutting haze may be relative-
ly ineffectual. 
Conclusions 
For haze penetration in a i r photography a compromise in the choice 
of emulsion and filter is usually necessary to meet the particular require-
ment. The use of longer wavelengths, while producing a clearer picture, 
will result in a loss in resolution of fine details due to the additional cam-
era exposure required. 
It is natural to confuse lack of contrast in fine details with lack of 
sharpness; hence, it is often believed that haze lowers the quality of neg-
atives by diffusing the outlines of objects. Apart from the fact that a con-
trasty reproduction will have a steeper density-gradient at the boundary 
15 
of any image, haze does not affect sharpness of definition in the true 
sense. 
It is believed that results of the laboratory tests described convey 
the general idea of contrast reduction as a result of haze. However, if 
a more detailed study of this problem were undertaken, it would be de-
sir able to include tests using various emulsion and filter combination, 
varying the composition of the introduced haze, and varying the angle of 
the added light. 
16 
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Figure 9-a .. Normal (no 
haze) 
Brightness range is 5. 25:1 
Figure 9b. Simulated haze 
Brightne ss range has been 
compressed to 1. 38:1 
Figure 1 Oa. Normal (no haze). 5x enlargement 
F~gure 1 Ob Abnormal {haze effect). A higher grade paper was 
used in an attempt to reproduce the normal tone. 
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Figure lOa. Normal (no haze). 5x enlargement 
F i_gure 1 Ob Abnormal (haze effect). A higher grade paper was 
used in an attempt to reproduce the normal tone. 
B. Aerial Photographic Windows 
Introduction 
In the earlier days of photographing from the air when the camera 
was carried aloft by a balloon, or even several years later when hand-
held aerial exposures were being made from the rear cockpits of small 
airplanes it is doubtful if there was much thought directed toward aerial 
photographic windows. During and since World War II, however, it has 
become apparent that an aerial photographic window is an i mportant com-
ponent of the photographic reconnaissance system. Even after this fact 
was recognized, sufficient attention was not immediately directed toward 
making the surface quality of the window equal to the surface quality of 
the lens. 
During the last few years there has been a considerable increa s e 
in the amount of research devoted to the window problem. In a study of 
aircraft windows conducted at Boston University Optical Research Labo-
ratory in 19495 , it was arbitrarily assumed that any window that would 
reduce the performance of a 20 line /mm system to 19 lines /mm {5%) 
would be considered unsatisfactory. If components of this system were 
improved to produce higher performance, the harmful effects of this 
same window would increase percentage -wise. 
20 
In addition to such important items as the selection of a high quality 
window, proper mounting in the aircraft, and keeping the surfaces clean, 
the possibility of water vapor condensing on one or more of the window 
21 
surfaces cannot be overlooked. Atmospheric air is a mixture of gases, 
consisting of about 80% nitrogen, 18% oxygen, and small amounts of car-
bon dioxide, water vapor, and other gases. The partial pressure of 
water vapor at any given temperature can never exceed the vapor pres-
sure of water at that particular temperature. If the concentration of 
water vapor, or the absolute humidity, is such that the partial pressure 
equals the vapor pressure, the air is "saturated". The ratio of the par-
tial p r essure to the vapor pressure at the same temperature, is called 
the "relative humidity", and is usually expressed as a percentage: 6 
Partial pressure of water vapor 
Relative Humidity (o/o) = 100 X V . 
apor pressure at same temperature 
The relative humidity is 100% if the vapor is saturated and zero if no 
water vapor at all is present. 
Since the water vapor in the atmosphere is saturated when its par-
tial pressure equals the vapor pressure at the air temperature, satura-
tion can be brought about either by increasing the water vapor content or 
by lowering the temperature. If a saturated, or 100% relative humidity 
condition exists at a certain temperature, and the temperature is then 
lowered, the partial pressure would be higher than the vapor pressure 
since the vapor pressure decreases with decrease in temperature. As 
previously stated, this condition cannot exist so enough vapor would con-
dense to reduce the partial pressure to the vapor pressure at the new 
(lower) temperature. This process brings about the formation of clouds, 
fog, and rain, and frequently occurs at night when the earth's surface is 
cooled by the process of radiation. The condensed moisture is called 
"dew". If the t e mperature must fall below 0° C before saturation ex-
ists, the vapor condenses into ice crystals in the form of frost. The 
temperature at which the water vapor in a given sample of air becomes 
saturated is called the "dew point". 
Now applying these basic facts about humidity to Aerial photography, 
it can be said generally that water vapor will condense on an aircraft 
wincb w whenever the temperature of the surface is less than the dew-
point of the surrounding air. It is therefore obvious that fog or frost 
formation may be prevented by keeping the temperature of the surface 
a bove the dewpoint of the surrounding air. Several methods have been 
devised to accomplish this. Four methods for the prevention of fog or 
frost on aircraft photographic windows have recently been tested and re-
viewed by Mr. John T. Watson of the Boston University Physical Re-
search Laboratories. 7 These are: (1) Hot Air Systems; (2) Ambient Air 
Systems; (3) Transparent Electric -Conducting Coatings; ( 4) Infrared Heat-
ing Systems. It was concluded that a high degree of satisfaction could be 
expected from any one of the above methods, if certain precautionary 
measures were taken. 
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Procedure 
For this phase aerial photographic windows and other transparent 
materials which might in some emergency be considered for use as photo-
graphic windows, were selected at random. The windows were first 
tested in the scatterometer, 8 a collimator-telescope instrument which 
shows the q u a lity of image which can be formed through the window. A 
diaphram of 3 -inch diameter was used to match the working aperture of 
the 24-inch experimental test system. In the scatterometer tests the 
w indows were p laced in the system perpendicular to the axis. Various 
areas of the windows were viewed in an attempt to locate the area which 
would probably have the most damaging effect upon the image. These 
areas were encircled and were used throughout the remainder of t he tests. 
The windows were introduced into the test system between the col-
limator and the 24-inch lens. Exposures were made with the window per-
pendicular to the optical axis and also rotated 30 degrees from the per-
pendicular. 
In the final step one of the better photographic windows, as deter-
mined by scatterometer tests, was selected to study the effects which 
might result from condensation and from a thin coating of oil and water. 
(The latter sometimes results when a photographic reconnaissance air-
plane takes off from a wet runway.) Condensation was caused to form on 
the window by increasing the water vapor without raising t he temperature. 
For the last test, small amounts of oil a n d water were put in a shallow 
23 
tray and air was blown over the tray to cause the oil and water to be spat-
tered onto the window. The window was then held in front .of a high pres-
sure air nozzle and partially dried. The window was placed in the sys-
tem perpendicular to the optical axis and an exposure made so that the 
effect of this deliberately introduced factor could be studied. For the 
final exposure the dirty window was partially cleaned to duplicate to some 
extent a window which had become dirty on a previous flight and had been 
carelessly wiped off before the next photographic mission. 
24 
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Results of Window Tests ~in scatterometer) 
Photomicrographs (Figure ll) emphasize the differences in quality 
of some of the materials tested. The high quality aerial photographic 
window, referred to ' in terms of MIL Sp ecifications, 9 had very little 
effect upon the image, as was expected. Some of the other materials 
produced effects which seemed at first to be quite exaggerated. The tests 
were repeated but the patterns remained essentially the same, varying 
only slightly as the exposure was varied. Realizing that star images can 
easily be exaggerated by overexposing, it was later considered desirable 
to compare the scatterometer image from one of the windows with the 
corresponding image from the 24-inch test system. The plexiglas condi-
tion, referred to as window #4, was selected since it appeared to be the 
most severe case. Images were measured in the 5x enlargement (fig-
ure l4b) for comparison with the scatterometer image, and the values 
inserted into the following relationship: 
- X fl Blur Circle (in print) = Blur Circle (in Scatt. Im. Pl.) xm 
fs M 
f 1 is the focal length of the test lens. 
where: fs is the focal length of the ecatterometer. 
M is the linear magnification of the ml.cro-
scop~ -camera combination. 
m is the magnification of the enlargement. 
Upon solving, a fairly close relationship was found to exist between the 
two. 
-System Alone 
Window #1 Aerial Photographic Window. 
( M il. Spec. VIF, MIL-G 't... l366 ) 
Window #2 An experimental photographic 
window which has been tempered. 
Window #3 3/8-inch plate glass selected at 
random. The effects upon the 
composite ta.rget are shown in 
Figures 13a and 13b. 
Window #4 1 /4-inch plexiglas selected at 
random. The effect upon the 
composite target is shown in 
Figure 14b. 
Figure 11. Photomicrographs of Scatterometer Tests 
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Results of Window Test - contt. (Window #1) 
The photograph in Figure 12b was made through the VI F aerial 
photographic window, referred to here as window #1. A comparative 
study of this photograph and the normal photograph on the opposite page 
shows that no apparent damage to the image has resulted from having the 
window in the system. Neither was there any noticable change when this 
window was rotated 30° from the perpendicular. 
Attention is directed to natural objects in the photographs which 
would be among the first to show the effects of any deterioration in im-
age quality. 
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Figure 12a. Normal (no window) 
~9 
Figure l2b. Window #l (class VI F) perpendicular to optical axis 
Results of Window Tests-can't. (3/8-inch plate glass) 
Two different areas of window #3 were used to see what the result-
ing image would look like in each case. The photograph in Figure 13a 
was taken through the same 3-inch aperture as was used in the scattero-
meter test. Figure 13b is the result of another area of the same window. 
S ince the corner targets contain information which is particularly signif-
icant they were cut out and inserted in these figures. 
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A ttention is directed to the designated areas which show very notice-
able differences in image quality. Vehicle tracks which show up very 
clearly in Figure 13b are barely discernible in 13a. It is also found that 
the central and the corn er resolving power targets have been affected in 
different ways. These conditions result from the fact that the image-
forming light comes through different parts of the window for different 
parts of the field. 
This is an opportune time to mention the similarity between the 
type of aberration seen here and that which would result from image motion 
or unpredictable vibrations . Several frames in the s arne roll would have 
to be carefully studied to see if the same effects were repeated consistently, 
before ruling out one by one the possible causes of the damage '. · 
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Figure 13a. Window #3 (3/8-inch plate glass) perpendicular to optical axis. 
Area tested agrees with area tested on scatterometer. 
Figure 13b. Window #3 ( ~ /8 inch plate glass) perpendicular to optical 
axis. This exposure made through a different area of the 
window. 
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Results of Window Tests-con't. (Plexiglas) 
The incorporation of the plexiglas window into the system resulted 
1n such a change of the image as to cause a double image. Some of the 
more obvious areas have been designated in Figure l4b. It is important 
to note the loss of fine detail in the railroad, upper right hand corner. 
Such details as these are of significant importance since they may result 
in the preparation of inaccurate reports for intelligence purposes. 
It should not be concluded from this example that all plexiglas is of 
poor quality. There are in fact some very good plastic materials avail-
able and some which have been tested recently have produced promising 
results. On the other hand this example does demonstrate what could 
happen if in the case of an emergency for example, a piece of plexiglas 
were selected at random for use as a photographic window. 
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Figure 14a. Normal (system alone) 
Figure 14b. Window #4 (plexiglas) perpendicular to optical axis. 
Double images agree fairly well with scatterometer 
results. 
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Results of Window Tests -con 't. (Condensation) 
The main effect of condensation in this particular case was the sub-
stantial loss of energy which resulted from the reflection, absorption, and 
scattering of the light by the water vapor on the window surface. We would, 
of course, have to expect varying effects from different types of condensa-
tion. For example, if the particles of water vapor were extremely small · 
as in the above case, we would expect an energy loss primarily, but if the 
particles were large, each droplet would act to some extent as a miniature 
lens in addition to causing an energy loss. The extreme cas e would be 
water vapor in the form of frost on the window, in which case it is doubtful 
if any usable information would reach the negative. 
Figure 15a. Normal 
Figure 15b. Effect of 
Condensation on window 
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Results of W indow Tests-con1t (Oil and Water) 
Figure 16b shows how the benefits of good photographic windows 
can be lost as a result of a film of oil and water on the surface. The 
image has been damaged to the extent of being almost valueless ex-
cept in high contrast areas. This example is included since a win-
dow does become dirty in this manner in actual practice, although 
rarely to this extent. The harmful effects of such a deposit on the 
surface would of cour se be appreciably deminished after it had be-
come dry. The result then might well be simil~r to the haze effect. 
The deposit of oil and water was wiped from the window, but 
was not completely removed. The window was cleaned in thi s man-
ner to simulate a c ondition which might at some time happen in the 
field. Although the photograph in Figure 16c is a great improvement 
over the one above, it nevertheless falls far short of the normal in 
image quality. 
Figure 16a 
Normal 
Figure 16b. 
Figure 16c. 
The effect of non-uniform deposit of 
oil and water on a good photographic 
window. 
The same window as above after it 
had been partially cleaned. 
39 
Conclusions (Wi ndows) 
Deterioration resulting from windows can be divided into general 
categories such as: ( 1) a pure focusing effect (power in the window); 
(2) an effect from an irregular surface or irregular glass index; (3) a 
light scattering effect. 
Future design of the air vehicle and photographic equipment places 
even more stringent requirements upon the window manufacturer. It is 
now accepted, however, that there need not be any reduction in image 
quality, as a result of poor windows, in the majority of our present in-
stallations. 
It is important to keep in mind that photographic windows should be 
tailored to the rest of the system. In other words, a window which is 
adequate for a system of average performance cannot be said to be ade-
quate for another system of much higher performance until the capabili-
ties and requirements of the new system are known. 
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It has been demonstrated that a not-completely-dry film of oil and 
water on the window will deteriorate the image to the extent of unusability; 
also, that windows must be cleaned thoroughly for maximum performance. 
C. Lens Not in Optimum Focus 
Introduction 
Military Standard "Photographic Lenses" (MIL-STD -150}, 10 ap-
proved by the Munitions Board Standards Agency on 23 October 1950, 
types photographic lenses into 13 categories according to their use. 
This standard was approved by the Departments of the Army, the Navy, 
and the Air Force and was published as a means of establishing stand-
ard definitions, nomenclature, practices, and tests for Photographic 
Lenses. 
Among the 13 types listed are two types which are of primary in-
terest for this study: Type I 11 Aerial Reconnaissance and Spotting;" and 
Type II "Aerial Cartographic". As outlined by the Standard, these lens-
es will generally be used at or near infinity focus. 
Before lenses are shipped by the manufacturer, they are subjected 
to environmental tests, to include high and low temperature tests, thermal 
shock test, humidity test, high altitude test, and vibration test. Because 
of the manner in which they are assembled and tested, standard lenses 
are not apt to get out of focus through normal usage. Focu s does become 
a problem, however, in some of the more recently-developed long focal 
length lenses if they are to be subjected to severe and rapid changes in 
temperature and pressure. 
Procedure and Results 
The A-12 focusing-back magazine used throughout these tests made 
it possible to check one type of out-of-focus effect. The focal plane in 
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l e 
this magazine can be moved toward the lens and away from the lens 1n 
increments of . 010 inches. 
The photograph in Figure 17-b was taken with the focal plane moved 
toward the lens . 040 inch from the previously-determined position of op-
timum focus. 
Conclusions 
It would ·seem that, except in the cases of experimental lenses or 
lenses operating under unusual circumstances, the matter of focus should 
not be the first thing to consider when looking for the cause of a degraded 
image. 
At first glance, an out-of-focus effect may resemble, more than 
anything else, the effect which results from inadequate vacuum. Upon 
closer examination, however, it should not be difficult to differentiate 
between the two. If vacuum has not been effective during exposure, neg-
atives will probably be fuzzy in the center, or will contain fuzzy spots 
which may vary in size and location from frame to frame. On the other 
hand, the fuzziness resulting from non-optimum focus, should be fairly 
cons is tent throughout a flight line. 
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Figure 1 7a. Normal. 5x enlargement 
Figure 1 ?b. Lens not in optimum focus. (. 040 11 shift 
of focal plane). 
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aircraft, focal length of the lens, and shutter speed. The development 
of fa s ter emulsions have made possible the use of faster shutter speeds, 
but the increase in graininess which results cannot be overlooked alto-
geth e r. Man y other methods such as moving-film magazines, sweep 
mounts and anti-vibration mounts have been employed with a consider-
12 
able degree of success. 
Procedure and Results 
T he primary objective here is to show the appearance of image 
motion so that it can be recognized in aerial negatives. In view of this 
n o elaborate devices were used to control the rate of movement. Using 
an incandescent lamp as the light source the target was simply caused 
to move in its holder during exposure. Several exposures were made 
with the target moving at different speeds for each exposure. One ex-
ample has been included to show the translatory type of image movement 
(Figure 18b}. This is clearly in excess of the amount of image motion 
which can be tolerated since important information has been lost in some 
areas, and dimensi ons of objects have been exaggerated in direction of 
movement. 
Conclusions 
A careful analysis of a cross section of aerial negatives in any 
film library will reveal that image motion has often contributed to the 
d eteri oration of the image. Although it may be present in many forms, 
t h e translatory type is probably th e most readily detectable. If there are 
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straight line objects at right angles, such as resolving power targets, 
present in the scene, it becomes quite easy to detect any appreciable 
amount of image motion. If there are no such objects something else 
must be studied, such as specular reflections from bright surfaces on the 
ground. These dark round spots on the negative will be stretched out in 
the line of flight to appear more oval-shaped than round. Many of these 
objects on several different frames must be studied before a decision can 
be reached. 
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1 Figure 18a. Normal (5x enlargement) 
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.. Figure 18b. Translatory Type of Image Motion 
Vibration 
Int roduction 
Vibrati on is generally included in the broad category of image mo-
tion. In the Summary Technical Report of the NDRC it has been stated 
that "Apart from the effect of translation in the line of flight, vibration 
is probably the most serious factor in limiting resolution in aerial pho-
tography". 13 Numerous aerial tests have established that vibration is 
very unpredi ctable s ince i t var i es with the power setti ngs, speed, and 
altitude of e ach indiv idual aircraft. In addi tion to this, the vi bration i n 
different stations of an a i rcraft will vary in nature and magnitude. In 
vi ew of all thi s a great amount of research has been devoted to the de-
velopment of anti -vibrati on mounts to fill the requirements of the indi-
vidual camera ins t a llation. These m ounts are called upon to n o t only 
suppo rt the weight of heavy a i rcraft cameras, but to al s o perform the i r 
functi on of dampening out vibrati ons at all times i ncluding unusual posi-
ti ons of the aircraft. 
T o h ave entered into a complicated mount testing program w ould 
not have been in keeping with the nature o f this study. The publication 
referred to in the preceding paragra ph will give anyone a fairly good 
summary of the testing procedure s employed and the mounts tested up 
to the time of publicatio n. 
50 
51 
Procedure and Results 
No attempt was made to duplicate aircraft vibration in any of its var-
ious forms. A small 60 cycle vibrator was placed in contact with the tar-
get to set up a fairly constant vibration during the exposure. Here, as in 
the case of the image motion tests, preceding, it was found conveni.ent to 
use a slower effective exposure time than was provided with the electronic 
flash unit. As a matter of fact several exposures were made first with the 
electronic flash unit as a source and as was suspected no effect whatsoever 
upon the image could be detected. 
Figure 19b shows that in this particular frame the image was affected 
principally in one direction. We should not necessarily expect to see move-
ment from the vibrator appearing in the s arne direction in succeeding frames, 
however. This fact might help the photo analyst in segregating vibration 
from some other form of image motion. It could be distinguished from 
strictly translatory image motion of course by checking to see if the greatest 
deterioration occurred in the line of flight. Even though the dam age to the 
image is clearly evidenced by the resolving power targets, this negative 
is still considered to be within the tolerable limit. 
Conclusions 
Vibration will in some cases contribute only slightly to the deteriora-
tion of the image. Nevertheless, since it is always present to some degree 
but never consistent, it is most important that either an anti-vibration mount 
or an e x tremely fast shutter be employed. 
The fact that the pattern will probably differ somewhat in successive 
frames fortunately aids in segregating this effect : 
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.Figure 19a. Normal (5x enlargement) 
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Figure 19b. Vibration - a type of image motion 
Simulated Inadequate Vacuum Effect 
As film dimentions increased along with over-all camera size and 
focal length, it became evident that if the film were to be held within the 
depth of focus some feature in addition to the film holder must be em-
ployed. In the United States this has been most generally accomplished 
by selecting the required amount of suction from the airplane vacuum s ys-
tem and using this to exhaust the air from behind the film. T h e part of 
the camera which makes this principle effective is commonly called a 
vacuum back. 
The requirement for taking pictures from high altitudes has made 
it increasingly difficult due to the pres sure differential, to hold the film 
in good contact at all points by the vacuum method. When there are local 
variations in resolution in aerial negatives it is logical to suspect that 
some component of the vacuum system is not operating effectively. If 
the vacuum hose has not been connected or if for some other reason t h e 
vacuum has become low or completely ineffective, it will be the general 
tendency of the film to drift farther away from the optimum focal plane 
or to vibrate more profusely in the central area of the format than around 
the edges. This is true since the film magazine itself will aid consider-
ably in holding the film flat near the edges. 
Procedure and R e sults 
Several exposures were made with the vacuum hose disconnected, 
with no apparent damage to the image. This is contributed to the station-
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ary mounting of the 9x9-inch magazine on the 24-inch camera in the hori-
zontal position. T he situation in the air is quite different in that aerial 
cameras are usually declined from the horizontal and are in fact often in 
the vertical or near vertical position, with the airplane contributing var-
ious types of motions and vibrations. Under the influence of gravity and 
these movements and vibrations the film is apt to be flat during some of 
the exposures but in slightly different positions during others. The tend ... 
ency of the film to move or sag will of course increase with the film size. 
Since it was not possible to obtain an example by disconnecting the 
vacuum a deliberate attempt was made to introduce an effect which would 
be comparable to actual results observed in the past. A small area in 
the center of the magazine format was built up with scotch tape to cause 
the film to be displaced about lmm. This of course presents a focu s -ef-
fect only with no effects from vibration or movement of the film which may 
also result under actual .conditions. It is believed that the simulated ex-
ample (Figure 20b) is worthwhile since it shows a local out-of-focus area 
in the central portion, but with the edges of the picture fairly sharp. 
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Conclusions 
An analysis of only one frame in a roll of aerial exposures seldom 
provides sufficient evidence to define the cause of an abnormal image. 
This is particularly applicable in this case since several successive 
frames must be examined to see if these local out-of-focus areas shift 
over the for maL . 
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Figure 20a. Normal ( 1. 3x enlargement) 
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Figure 20b. Simulated Inadequate Vacuum Effect. 
Effect of an Object in the Image -forming Rays 
A matter often discussed among aerial photographers is whether 
or not the image is affected by an opaque object in the field of view in 
front of or just behind the lens. Some have seen definite effects result-
ing from a power cable in front of the lens, or some object inside the 
camera body cutting through the path of the image forming rays; others 
have witnessed no readily-noticeable effect from pencils or similar ob-
jects resting on the photographic window during the exposures. 
A simple consolidated explanation of such matters is seldom ob-
tainable from reference material at hand. Unless there is some under-
standing of this situation, there is a danger that the problem will be 
thought of in terms which are too general. Before saying just what ef-
fect an object in front of or behind the lens will have upon the image, 
many things have to be considered such as the size and position of the 
object, size of the aperture, and focal length of the lens. 
Procedure 
It was decided that the least complicated and yet the most appli-
cable way to present this phase , would be to consider the size and loca-
tion of the obstruction as related to the size of the aperture. In addition 
to the 24-inch lens which was used throughout the tests, a six-inch, f/6. 3 
Metrogon was selected so that a smaller aperture would be available. 
The lenses were subjected one at a time to the complete set of ex-
posures. A black cable one -half inch in diameter and of sufficient length 
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was placed six inches in front of the first element of the lenses, and ex-
posures made from the largest to the smallest aperture. For one set of 
exposures a piece of opal glass was placed in the position of the target, 
and the proper exposure determined. This evenly illuminated field was 
provided so that the effect of the cable could be seen more clearly in the 
marginal zones. For the other set the composite target was used. Be-
fore any exposures were made, the effect of passing the cable back and 
forth through the field of view was studied visually with a ground glass 
in the focal plane. 
When the negatives from the 24-inch lens were studied, it was 
found that some energy had been lost as a result of the cable, but that 
no readily-noticeable damage to the image had resulted. In view of this, 
the results of the cable in front of the 24-inch lens were not included. 
In the last phase of this series, the obstruction was placed between 
the lens and the film plane of the 24-inch lens. The aperture was left 
constant at f/8. Exposures were made with the cable at the half-way 
point, at six and four inches in front of the film, and practically against 
the film. 
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,Results (object in front of lens) 
Photographic re sults (fi gure 22b) are supplemented by a s c h ematic 
presentation on the opposi ng page. In the schema tic presentation suggest-
ed by Professor F. D ow Smith, for the sake of simplicity only one case was 
considered, that of an incident bundle of square cross-section with the ob-
struc tion in front of the lens and on-axis. It can be 
seen from figure 21a, however, that as an obstruction 
such as a 1 I 2 - inch cable were moved across a circular 
Fig.2la 
bundle, the total area affected would be continually changing due to the cir-
cular s h a pe of the aperture boundary. 
In fi gure 21 b, the case of an obstruction completely within the bundle 
in fr ont of a 6-inch lens is shown. The ratio between th e original intensity 
E/L.M 
G"----~ 
Fig .· 2lb 
I 0 and the reduced intensity I, as a result of the obstruction, can be express-
d = 112 inch 
ed as,!...__= a - d If we assign the values: a= 1 inch (approx . f 6. 3) 
I 0 a 
Then: _I_= 1-1 I 2 , and I = 0. 5 I
0 
over the region - x 1 , to x 1 • For~< /x l( Xz 
Io 1 
we have partial occultation of the image -forming beam so that for a square 
aperture the illumination increases linearly as shown in Fi gure 21 b. For 
image point lXI > X2 the image -forming beam is unaffected by the cable and so 
we have full illumination. For a circular aperture the results are similar. 
The intensity distribution curve will, h owever, have rounded rather than ab-
rupt changes from one re gion to the next. 
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FILM 
2" 
::0~~~~~~~~----~--~ '-----4----1-~ 
1--- -- - 6"- -:------------- -+- 6"-' --------1 
A- AT f/6.3 THE GREATEST INTENS-ITY 
LOSS AT ANY POINT ACROSS THE 
FILM IS 50%, BUT THIS IS SPREAD 
OUT OVER A FAIRLY WIDE BAND 
B-AT f/8 THE GREATEST LOSS IS 25% 
AND THE BAND IS BECOMING NARROWER. 
C-AT f/11 THE INTENSITY DROPS TO 
PRACTICALLY ZERO IN A VERY 
NARROW BAND_ 
D-ATf/16- THE APERTURE HAS BECOME 
SMALLER THAN THE OBSTRUCTION. 
THE BAND OF ZERO INTENSITY IS 
BECOMING WIDER . 
FIGURE 22a-EFFECT OF OBSTRUCTION (1/2 11 CABLE) 
IN FRONT OF 6 11 LENS AS APERTURE IS 
VARIED. 
.5 0 
INTENSITY 
I . . 25 0 
0 
0 
... 
f/6.3 
f /8 
f /II 
----- --
f I 16 
Figure 22b. P hotographic Results of the Condition 
in Figure 22a. 
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Results (object between lens and film) 
As in the case of the 6-inch lens, the photographic results are 
supplemented by a schematic presentation (Figures 24a & b). 
Since a square aperture was again considered, the section of the 
beam (Fig. 23a-) is shown as a square section. The ratio of the inten-
sity with the cable in the system, I, to the original in-
tensity, I
0
, can be expressed as: }- = w~d. If the 
0 
width of the beam at any point P (Fig. 23b) is express-
d []]i 
1 .. w . I 
Fig. 23a 
ed as: Aperture d "f 1 p h f · . , an 1 we et represent t e rae-
frac of dist fr film to lens 
tion of the total distance from the film 
aiP-d to the lens, then the ratio is: a/P 
In Fig. 23c the cable is shown 
half way between the. film and the lens, Fig. 23b 
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so the width of the beam at this point would be z. Substituting, -h- = 3 I 2-l I 2; 
0 312 
I= 0. 671 which indicates that the intensity has been lowered to 213 the 
0 
original intensity in the area as plotted. 
FILM 
- 0 
.I 
Fig. 23c 
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3" APERTURE 
1---- - - 12'11-'-- ---'---l 
A- OBSTRUCTION HALF-WAY BETWEEN 
APERTURE AND FOCAL PLANE,(~) LOW-
ERS THE INTENSITY TO 0.667 IaOVER 
A FAIRLY WIDE BAND . 
.I. 
I 
-
! 
I L6" 
B- OBSTRUCTION 6" FROM THE FILM (OR ~ ) 
.I.. . . 
. I 
·-
I 
-
-
T L4'"-
C- OBSTRUCTION 4" FROM THE FILM (OR ~) 
NOTE THE APPEARANCE OF A FULL 
SHADOW IN THE FOCAL PLANE. 
D- WITH THE CABLE PRACTICALLY AGAINST 
THE FILM, THE SHADOW APPROACHES 
THE SIZE OF. THE CABLE WITH THE EDGES 
CLEARLY Df.:FINED. 
-
>--
INTENSITY 
-- ............ 
·- .-----
'----r-... 
..---
~ 
0 
0 
FIGURE 24a- EFFECT OF OBSTRUCTION BETWEEN q SQUARE 
APERTURE AND THE FILM PLANE(24'LENS AT f/8) 
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Figure 24b. P h otographic Results of the Conditions in Figure 24a. 
E. Photosensitive Materials and Processes 
Introduction 
Of the many light-sensitive compounds available, the s'ensitivity 
of the silver halide process has made it the most useful for photogra-
phy in general and particularly so in the case of aerial photography. 
Photographic emulsions, which are produced by the precipitation of 
silver halides into a dilute gelatin solution, are of two general types: 
(1) those for negative materials; (2) those for positive materials, usu-
ally paper. Negative emulsions are suspensions of silver bromide con-
taining a little iodide, from which. most of the soluble salts resulting 
from the precipitation have been removed by washing. Paper emulsions 
may be the same as negative emulsions but mostly they consist of silver 
chloride or a mixture of chloride and bromide which has not been freed 
from soluable salts by washing. 
To meet the requirements of the short exposures in air photography, 
the emulsion must be very sensitive to light. The sensitivity or speed 
of the emulsion is dependent upon a relationship between the inherent 
properties of the emulsion and the developing materials and techniques 
to which it is subjected. Although the speed of an emulsion is not deter-
mined by size of the silver halide crystals alone, it is generally true that 
in a fast emulsion the crystals are relatively large, of the order of 1-2 
microns. 
The ability of an emulsion to record fine detail is called its resolv-
ing power. Resolving power is closely related to emulsion speed, with 
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the faster emulsions having in general a lower resolving power due to 
an increase in graininess. A thorough discussion of factors affecting 
resolving power is beyond the scope of this report; the publications to 
which reference is made 14 discuss these matters in detail. 
Film for aerial photography should be selected, within practical 
limits, to meet the requirements of the individual mission. There is, 
however, a great need for a general purpose panchromatic film for gen-
eral use. This, in addition to meeting the requirements in the majority 
of cases, allows for a certain amount of standardization in operational 
units. A film such as Kodak Super-XX Aerographic with exposure in-
dex of ASA l 00 combines high speed with wide latitude, and high contrast 
under optimum development conditions. The only real similarity between 
Aero Super-XX and Super-XX Commercial Sheet Film is the exposure 
index, or speed. The Aero film provides a higher contrast, a somewhat 
wider latitude, and differs in color sensitivity in that it is enhanced i n 
the red. No antihalation backing is included in the Aero film since re-
flections from bright objects are not as frequent nor as serious in affect 
as in ground photography. Studies are being conducted at Boston Univer-
sity and elsewhere to see if slower films (micro-file) may be used suc-
cessfully upon occasions where fine grain results are of utmost import-
ance. Whether or not this slower film can be used successfully in the air 
depends upon many things, such as the speed and focal length of the lens, 
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lighting conditions, speed of the airplane, and processing techniques , 
The other e x treme i n this film-selection problem is r epresented by 
occasions which seem to warrant the use of an e x tremely high speed 
film, such as Kodak Tri-X Pan (ASA 200). The advantages whic h might 
be e x pected from extremely high speed films will be diminished by the 
increased graininess which almost invariably results. 
Much research has been devoted to the use of infrared film fo r 
high altitude and long range oblique photography, camouflage detection, 
and other special purposes. The advantages of this film seem to be 
rather definite for some purposes, but of a controversial nature for 
others. 
In normal air photography the exposu'l! e for the film may be deter-
mined in various ways. The experienced aeria l photographer e:stimate s 
the exposure in much the same manner as does the experienced ground 
photographer, i.e , , by published film data, and his past experience. 
If special results a re de sired, e x posure may be determined by mathe-
matical or photometric means. 
As mentioned earlier, the speed of the film is partially dependent 
upon the developing materials and techniques. When exposed to light 
the silver halide crystals undergo a change whereby sensitivity specks 
or development centers are formed. Although this change has come 
about, the appearance of the crystal is the same as before the e x posure, 
thus it is said that a hidden or "latent" image has been formed. If four 
or more development centers are formed in a crystal during exposure, 
the crystal can be reduced to metallic silver by the developer. The 
chemical composition of developers may vary slightly but they are gen-
erally similar in that they contain a reducing agent, an accelerator, a 
restrainer, and a preservative, all in solution in water. The percent-
age of developable crystals which are reduced to Il!etallic silver depends 
upon the type, concentration, and temperature of the developer, as well 
as the method of agitation and the number of minutes the film is left in 
the developer. In general the effective emulsion speed is increased by 
using an energetic developer and by increasing the time and agitation. 
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As a result of a contrast reduction which usually results from haze, ae -
rial negatives are developed to a higher gamma than are ground negatives. 
Super -XX aerial film is developed to a gamma of about 1. 3 in a developer 
which is capable of producing high contrast, usually D-19. In consideration 
of these facts it is obviously improper to think of film speed as solely an 
inherent property of the film. 
In a normal exposure all of the silver halides will not be affected 
to the point where they will be developable. If these were allowed to re-
main in the emulsion after the film or print is developed, they would 
gradually turn dark (be reduced to silver by light) unless protected com-
pletely from light. The removal of these undeveloped halides therefore 
becomes necessary. This is accomplished by placing the developed 
film in a solution containing sodium thiosulfate (hypo), usually, acetic 
acid, and a hardener. An immersion of from ten to twenty minutes in 
this solution renders the majority of the residual undeveloped silver 
salts soluble in water and they can then be washed away. To prevent 
oxidation products of the developing agent from being carried into the 
fixing solution, the film is put through a stop bath which is a weak solu-
tion of acetic acid and water. About 15 seconds in the stop bath is suf-
ficient to stop the action of the developer and will prevent a discoloration 
of the fixing bath which can cause stains . The majority of the salt con-
centration will be remov:.ed during the first 6 to 8 minutes of washing 
in running water; however, if the photographic material is to be kept 
for several years, more time (45 minutes to Z hours) must be allowed 
for the salts to diffuse out of the emulsion and base. If traces of these 
complex silver salts are left in the emulsion they will tend to decompose 
and stain the clear gelatin. Any traces of hypo left in the emulsion will 
after a time cause the image to turn brown. It can thus be said that the 
purpose of washing is to make the image permanent. 
Photographic materials may be air dried, or put through driers 
which have been designed for the particular material. 
Procedure and Results 
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Since it is not convenient to exhibit the negative 1n this report, con-
tact prints in Figures 25a, b, c, d, are used to show the appearances of the 
negatives. These are all on the same paper and all received the same 
exposure and development in the printing process. 
Figure 25b was produced by placing a 0. 6 neutral density filter 
behind the target in order that the reduction in exposure would be the 
equivalent of 2 full stops. In this way the effect of the under exposure 
alone can be studied since the lens aperture remained the same. This 
probably represents the most serious case of underexposure which would 
occur accidentally in aerial photography. It can be seen that the overall 
density of the negative has been lowered considerably. Although it is 
obvious that appropriate printing material and techniques will produce 
an acceptable print {pictorally) from this negative important detail in 
the shadows may not be registered on the film if underexposure is car-
ried to the extremes. 
Negatives such as those from which Figures 25b and d we,re made 
will appear similar at first in that they are thin. A more detailed study 
of these two negatives reveals that the contrast range is shorter in the 
negative which was underdeveloped. In 25b, the highlights are more 
contrasty but the shadow detail is about the same as in 25d, thus indi-
cating that it is on the curving portion of the D log E curve. Figure 25d 
is on the straight line portion of the D log E curve but the curve for this 
negative has a lower slope, thus less contrast in the highlight portion. 
Densitometer readings show that the base density in the under -developed 
negative is lower, this being one of the first steps to be taken in deciding 
whether a thin negative is underexposed or under-developed. 
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Figure 25c is for the purpose of simulating a condition which may 
result from experimental air photography. Negatives are sometimes 
deliberately underexposed in the testing of high speed shutters, lenses 
at small apertures, or special developing solutions or techniques. In 
the case illustrated, the exposure was reduced the equivalent of four 
stops by placing a 1. 2 N.D. filter behind the target. The development 
time was then increased by a factor of five in an effort to gain as much 
information as possible. The base density of the negative has been 
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raised as a result of the extended development, as evidenced in the photo-
graph where exposure and development remained the same as in the nor-
mal. Although a better looking print can be made by using a higher grade 
paper (Figure 25h), practically no shadow detail can .be obtained from this 
negative. 
As the result of incorrect film data or an inaccurate exposure es-
tim ate by the aerial photographer, negatives are sometimes over expos-
ed. There is probably a tendency for the aerial photographer to allow 
just a little more exposure for good measure, if there is any doubt in his 
mind · as to the proper exposure. Figure 25e represents an overexposure 
of about two stops, an error which would seldom be exceeded in practice. 
This has improved the information in the shadows but makes longer ex-
posures necessary to bring out detail in the highlights. Here again a 
fairly good print can be produced by making adjustments in the printing phase; 
nevertheless, damage to the image has resulted as shown in Figure 25j. 
A brief qualitative study of graininess as a result of varying ex-
posure and developments can be made from the lOx enlargements (Fig-
ures 25g, h, i, j). Figure 25h (from negative 25c) represents an attempt 
to duplicate the contrast and tonal qualities of the normal by using a 
higher contrast paper. Although this has been accomplished to a fair 
degree, the increase in graininess contributes considerably to the lower_: 
ing of resolution. Figure 25i is from this negative also (25c), but is 
printed on the same paper as the normal. The graininess is less noti-
cable in this print but the lack of c ontrast makes the definition of detail 
difficult in some areas. The la s t example in this series (F i gure 25j) is 
from the over-exposed, normally developed negative (25e). Loss in re-
solving power here is more from the blocking up in the highlights th an 
from the slight increase in graininess. 
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. ( .E; i gure 2 5a. Expo~ure - No r:r;n_al 
Devefop:rilent - Nor mal 
Figure 25b. E xposure - Under 2 Stops 
Development - Normal 
Figure 25c. Exposure - U nder 4 Stops 
Development - Increased by 
Factor of 5. 
Fi gure 25d. E x posure - Normal 
Development - 1 /2 Normal 
Time 
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Eigure 25e. Exposure -Over about 2 stops 
Development - Normal 
Figure 25£. Same negative as in 25e above, but 
Printed for Maximum Detail in 
Highlight Areas 
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Figure 25g. Exposure - Normal lOx Enlargement Development -Normal 
Figure 25h. lOx enlargement (from Figure 25c negative) 
Printed on a high er grade paper. 
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Figure 25i. lOx enlargement (from Figure 25c negative) 
Printed on the same paper as the normal (25g) 
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Figure 25j • . lOx enlargement (from Figure 25e negative) 
Conclusions 
The versitality of such films as Kodak Super XX Aero Film gives 
the a e rial pho t o grapher a c on s iderabl e amount of freedom in his estima-
tion of exposure. In addition to this, a large variety of darkroom ma-
terials are available, and techniques to include such deviations from the 
15 
normal as the use of non-sharp masks and the Herschel Method may 
be employed to gain the maximum information from the negative, or to 
render special effects. All of these factors are in our favor but they 
should not be used as justification for any lack of diligence on the part 
of photographic technicians. It has been demonstrated that the capabili-
ties of even Super XX Aero Film are not without limit. It is also rec-
ognized that even though an abnormal negative may be salvaged in the 
majority of cases by special darkroom procedures, the additional time 
required is not conducive to mass production. 
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V. GENERAL CONCLUSIONS 
Some specific conclusions, drawn at the completion of each phase, 
were used in the construction of a table of image defects and their pas-
sible causes. An attempt was made to keep this table as brief as possi-
ble so that its purpose of affording a quick reference would not be de-
feated. Since the occurrence of these effects varies somewhat with ge-
agraphic location and with the type of photography being conducted, no 
attempt was made to list them as to the frequency of their occurrence. 
Photographic unit commanders will as a rule establish procedures for 
tracking down causes of image defects which will be in keeping with thei r 
locations and physical set-ups. It would seem, however, that a good 
general rule to follow would be to start with the factor which could be 
checked the easiest, and precede in this order. 
The table of image defects referred to appears on the following 
page (Figure 26). 
lX 
APPEARANCE 
OF 
NEGATIVE 
LOW CONTRAST 
(flat) 
HIGH CONTRAST 
(extreme} 
POSSIBLE CAUSES 
l . Subject matter 
2. Sub ject lighting 
a) latitude 
b) time of day 
c) overcast or undercast 
3. Type of photography 
a) high altitude 
b) oblique 
4. Haze 
a) no filter employed 
b) too severe for film-filter 
combination 
5. Overexposure (negative dense} 
6. Underexposure (negative thin} 
7. Underdevelopment (negative may 
be either light or heavy} 
8. Out-dated film 
9. Dirty or fogged window, filter, or 
lens 
10. Film fogged 
ANALYSIS 
Check records to determine conditions at 
the time of the flight, It may be that the 
l-4. negative is the best one should expect from 
the film-filter combination and the process-
ing materials and technique. 
5. Highlights b lock e d up, but shadow detail good. 
6. Highlights not affected as much as the shadows·-
shadow detail lacking. 
7. Low fog density b e tween frames and along edges 
8. High fog density between frames and along edges 
9. Check flight cmditi ons, and, if possible inspect 
window, filter, a n d lens. 
l 0. Probably not uniform throughout roll. Check 
borders to see if fogging occurred while film 
was in magazine. 
ll. Wrong choice of developer, or de- 11. Check history of so lution, and typ e; run sensi-
veloper contaminated tom etric check if possible. 
1. Subject matter 1, 2 . 
2. Subject lighting 
3. Overdevelopment 3. 
4. Poor choice of developer or proc- 4. 
essing technique for subject mat-
ter and flight conditions . 
Check flight r e cords. 
Look for excessive graininess and high fog 
density. 
Check type of subject, and processing materi-
als and technique. 
5. Developer mixed incorrectly. 5. Run sensitometric check on developer. 
~ -------
THIN 
DENSE 
IMAGE BLURRED 
(in one direction) 
IMAGE BLURRED 
(uniformly) 
l. 
2. 
3. 
Underexposure and underdevelop-
ment* 
Underexposure witlr'normal devel-
ment 
Underexposure and overdevelop-
ment 
* Causes of underdevelopment in-
clude time, temperature, tech-
nique, exhaustion of developer. 
1. Overexposure and underdevelop-
ment 
2. Overexposure and normal devel-
opment 
3. Overexposure and overdevelop-
ment 
1. Translatory type of image motion 
2. Aircraft roll 
3. Vibration 
4. Astigmatism in window, filter, 
or lens (occurs rarely with mod-
ern equipment). 
1. Film not in optimum focal plane 
(out of focus) 
2. Film not held flat 
a) magazine malfunction 
b) vacuum inadequate (cameras 
using vacuum method of holding 
film flat) . 
1. Lacks shadow detail, other tones too~ flat. 
2. Lacks sha d o w detail, other t0nes correct. 
3. Lacks shadow detail, other tones too contras ty; 
increase in graininess and high fog level. 
l. Negative generally dense, highlights blocked 
up, other tones fl a t. 
2. Highlights blocked up, other tone s all right. 
3. Highlights blocked up, other tones too con-
trasty. Check for excessive grain and high 
fo g level. 
1. Assuming constant ground speed within a fl ight 
line images will be blurred consistently in the 
direction of flight. 
2. Image blurred perpendicular to the line of 
flight, but will not be consistent from frame 
to frame. 
3. May be clurred in varied directio n s but will 
not be cons is tent from frame to frame. 
4. Check window type. Run Laboratory tests of 
s ys tern with and without window and filter; 
compare corners of field with center of field. 
1. Effect should be fairly consistent at the same 
altitude. If possible, check focus of lens under 
simulated conditions. 
2a. Check spacing between frames. If magazine 
is not metering properly, vacuum may not be 
effective. 
b. Negative fuzzy in the center or in small iso-
lated spots, but relatively sharp around the 
edges. Effect will probably hot be consistent 
from frame to frame. Check vacuum source, 
hoses, etc. 
" t / 
SHADOWS 
or 
NON-UNIFORM 
DENSITIES 
MISCELLANEOUS 
1. An obstruction in the path of the 
image -forming rays 
2. Malfunction of focal plane shutter 
3. Processing 
1. Effect should be consistent from frame to 
frame. An obstruction a few inches in from of 
a long focal length lens (see pages 6G,65,66) 
not likely to show up as a definite shadow on 
the film. With short focal length lenses, how-
ever (see pages 59,62,63), obstructions either 
in front of lens or inside camera body will ap-
pear in focal plane as definite shadows. 
2. Inspect borders of film to see if uneveness ex-
tends all the way to the edges. 
3. In tank type processing, such as the B -5 unit, 
streaks or bands of uneven densities across 
film are usually more pronounced at the ends 
of the rolls. In the case of automatic process-
ing, such as the A-9 machine, bands of uneven 
densities having fairly sharp lines of dem arka-
tion will occur if machine stops intermittently. 
Determine whether or not unevenness extends 
into borders - use densitometer, if not easily 
determined visually. 
1. Forked black marks 1. Static electricity 
and/or blotches of 
1. Effect occurs more commonly along edges of 
film, but with some cameras, may occur 
throughout film. fog 
2. Fine black lines or 2. Scratches, abrasions 
fine light lines. 
2. Fine black lines, film scratched before devel-
3. Tiny clear spots 
4. Small black spots 
5. Fog, stains, dis-
colorations 
3. Dust on film or glass pressure plate 3. 
4. Specular reflections; chemicals not 4. 
dissolved completely; foreign mat-
ter embedded in emulsion during 
washing or drying. 
5. Usually results during some phase of 5. 
of the processing. 
opment. Fine light lines, film scratched after 
development. 
Check glass pressure plate if applicable. 
Specular reflections easily identified by study-
ing subject. 
Since this may be quite involved soQle Q:ood ref-
erence in which several pages are devo'"tea to 
these subjects should be consulted. (Ex. I- hoto-
Lab-index). 
Figure 26. Table for Systematic Analysis of Image Defects ~ 
VI. RECOMMENDATIONS 
1) It is recommended that a formal survey be conducted by the 
Air Force to determine if there is a need for additional training and 
reference material of this nature in a) technical training schools; b) 
base photographic laboratories; c) operational photographic u nits 
(SAC and TAC). 
2) If such a requirement does exist, it is suggested that a single 
volume manual of image defects and causes might be compiled from 
material already acquired, together with additional data which could be 
acquired principa lly from laboratory tests. This type of manual could 
be used in the training of personnel and as a handy laboratory reference. 
Although the manual should be as inclusive as practicable, briefness of 
each individual phase should be emphasized. For example, a photograph 
of some known defect would be placed on the left hand pa g e and on the 
opposite page would be listed some very concise statements about this 
particular case, causes which might produce similar effects, and pro-
cedures for correct analysis. 
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VIII. ABSTRACT 
A laboratory test system was set up to permit the introduction of 
image degrading factors (haze, vibration, etc.) encountered in aerial 
photography. This thesis describes the test equipment, procedure and 
results of e ach phase, and sets forth some general conclusions in the 
form of a table of image defects with their possible causes. 
From the many factors which may affect the image in an aerial 
negative, several of the more common were chosen for study. These 
included haze, windows, focus, translatory image motion, vibration, 
obstruction in the image -forming rays, and variations of exposure and 
development. 
The tests conducted were generally of a qualitative nature. The 
test system consisted of an electronic flash unit with opal diffuser, a 
positive transparency target, a collimator, a 24-inch f/6 lens, and a 
focusing-back magazine with vacuum. After determining optimum fo-
cus and establishing processing techniques, a negative from the sys tern 
was obtained to be used as a standard throughout the series of tests. 
The factors mentioned previously were then introduced into the system 
one at a time and the resulting negatives compared with the standard. 
The similarity of many of the effects emphasized the importance 
of careful analyses of aerial negatives. The advantage of a short ex-
posure time was probably the most outstanding observation made. A l-
though this is not a newly observed fact, the 50 microsecond exposure 
of the electronic flash unit did emphasize that vibration and other forms 
Xl.V 
of image motion would assume roles of lesser importance if equipment 
and photosensitive material would permit exposures of shorter duration. 
After the tests were completed and summarized, it was concluded 
that the laboratory test method, in the majority of cases, is a reason-
able approach to the study of image degrading factors. 
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